In recent years, latent hypomicroelementoses are increasingly diagnosed in a variety of farm animals, including sheep, in Russia, EU, India and other countries (V.T. Samokhin, 2008). The deficit of selenium, iodine and other vital elements leads to a decrease in hematological parameters and a change in the activity of free radical oxidation and oxidant protection which is a fundamental molecular and cellular mechanism of pathogenesis at various hypomicroelementoses (T.N. Rodionova et al., 2010). The aim of the paper was to comprehensively survey the biogeochemical situation in the Lower Volga region and to evaluate the influence of Se and I deficiency on the physiological status of Edilbai lamb not subjected to pharmacological correction of hypomicroelementoses and after administration of Sedimine® (Russia), a metabolism-regulating organic composition containing Se, I and Fe (III)-dextran stabilizing complex. The probes of soil and water, plants, sheep organs and tissues were sampled according to V.V. Kowalski (1974). Trace elements were detected using atomic absorption spectrometry (M.E. Britske, 1982), selenium was assayed fluorimetrically according to V.V. Yermakov (1975), and iodine was analyzed in thiocyanate-nitrate test. To quantitate the products of lipid peroxidation in lamb blood, we estimated diene conjugates by UV absorption spectra at 233 nm (Z. Platzer, 1970), malondialdehyde -according to V.S. Buzlama et al. (1997), catalase activity -as per M.L. Korolyuk (1980) and glutathione peroxidase -as described by R. Paglia et al. (1967). Hematological parameters were evaluated according to I.P. Kondrakhin et al. (2004). It was shown that the basic components of terrestrial ecosystems in the Lower Volga region are low in selenium, iodine and cobalt relative to the Black Earth region (V. Kowalski, 1974). In the intact lambs, negative balances of iodine and selenium were found during the observation. Also, hematological parameters and antioxidant defense were low. Blood and metabolic parameters together with the balance of studied microelements indicated a development of latent combined selenium and iodine hypomicroelementosis in the lambs. The use of organic product Sedimine resulted in a significant (Р < 0.05) correction of the syndrome of selenium and iodine deficiency in Edilbai lambs. Indeed, the blood levels of selenium increased by 84.0 % and iodine -by 92.7 %, the number of erythrocytes was 15.6 % higher, hemoglobin was 7.8 % higher, Se, I, globulins were 8.76 % higher, while the amount of glucose reduced by 33.9 %. The diene conjugates diminished by 28 %, the malonaldehyde -by 8.2 %, the catalase activity increased by 43.3 %, and glutathione peroxidase activity was 39.4 % higher. The four month-aged lambs which received Sedimine showed the improvement in all the studied metabolic parameters and the weight gain which exceeded that in the control by 14.4 % (Р < 0.05). Additionally, after the Sedimine application the lamb meat was superior to that of the control animals in accumulation of physiologically important I, Se, Mn, Cu, and Co.
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In recent years, latent complex hypomicroelementoses [5] [6] [7] [8] [9] , induced by oxidative stress and lack of microelements in the environment [10] [11] [12] [13] , are increasingly diagnosed in a variety of farm animals in Russia [1-4], EU, India and other countries. This is associated with changes in the activity of free radical oxidation and antioxidant protection [8, 9] , which serve as fundamental molecular and cellular mechanisms of pathogenesis in various endemic diseases [10, [14] [15] [16] . As a result, growth and development of animals slows down, integrative functions deteriorate, productivity decreases [1, [17] [18] [19] . To prevent and correct the latent forms of hypomicroelementoses, it is necessary to carry out complex studies that include monitoring the biogeochemical situation in the region, assessing the balance of chemical elements in the organism, analyzing the physiological status of animals (including the metabolism of proteins, lipids, carbohydrates, vitamins and minerals) products of lipid peroxidation (LPO) and the activity of antioxidant enzymes.
We are developing a fundamentally novel physiological and biogeochemical concept for the theoretically substantiated selection of deficient microelements necessary for the organism of farm animals [3, 4, [20] [21] [22] , methods for their application and calculation of dosages using a mathematical analysis of the pharmacokinetics of medications [4, 21] . This approach offers a possibility to prevent and correct the latent forms of combined hypomicroelementoses, to improve general state, reproductive function and productivity of animals.
In the present paper, we for the first time discovered the latent form of combined hypomicroelementosis in Edilbai lambs in the Lower Volga region and showed that the intramuscular injection of the Sedimin® preparation has a positive effect on their physiological state, metabolic processes, hematologic indices, antioxidant system.
The aim of the work was to make a comprehensive study of the biogeochemical situation in the Lower Volga region in connection with the effect of the deficiency of essential microelements on such integrative functions of the Edilbai lambs as growth and development, and also to evaluate the pharmacological correction possibilities of physiological and biochemical status of lambs during hypomicroelementoses.
Tecnjiques. Samples of soils (0-25 cm), water, plants species, feed, organs and tissues of animals for atomic absorption analysis for the content of trace elements were selected according to V.V. Kovalsky [22] in different areas of the Volgograd and Astrakhan regions.
Tests on 4-month-old Edilbai lambs were carried out in the SPKh Krasnoyarets (Krasnoyarsk Region, Astrakhan Province) in 2014-2015. For the test, two flocks of lambs analogues were selected, 252 heads as control animals, and 268 heads as test animals. Animals were housed in sheepfold sheds and grazed on pasture. In addition to milk, lambs of both groups from the age of 20 days received an equal amount of barley groats. After weaning from the ewes, the lambs ate plant forage with the addition of concentrates according to the norms established in the farm.
Balance test was performed on five control and five test gimmers according to the methodology of the All-Russian Research Institute of Animal Husbandry [23] . Lambs from the test group were injected intramuscularly with the Sedimin® preparation (OOO A-BIO, Russia). Sedimin is certified by the Russian Pharmaceutical Committee (GOSTR ¹ ROSS-RU.PO-96.N10771, preparation No. PVR-2-3.6101651) and is an aqueous mixture of iodine and selenium compounds on the stabilizing basis of the dextran complex. Sedimin was administered at a dose of 1 ml at 20-day age, 2 ml at a 2-month age, 3 ml at a 3-month age and 4 ml at the last month of growing.
Before the test and at the end of survey, animals were weighed. Blood samples were collected before feeding, hematologic indices (number of blood formed elements, hemoglobin, leukoformula), content of Ca, P and carotene were determined by I.P. Kondrakhyn [24] . Diene conjugates (DC) were studied by UV absorption spectra at  = 233 nm [25] , the malonic dialdehyde (MDA) was assayed by the method of V.S. Buzlama [26] . The catalase activity was studied by the method of M.L. Korolyuk [27] , the activity of glutathione peroxidase (GPO) was assessed according to R. Paglia et al. [28] . Microelements in biological samples stored in desiccators were determined by the atomic absorption method [29] using a Hitachi 180-50 spectrophotometer (Japan). The content of selenium was determined fluorimetrically [30] , iodine was measured by the rhodanide-nitrite method (GOST 28-548-90) [31] .
During statistical processing of the obtained data, the mean (M), the mean error (±m), and the correlation coefficients (Cv) were calculated. The significance of differences was assessed by the Student's t-test at significance level of 0.01-0.05.
Results. In the soil samples from Astrakhan and Volgograd regions, the content of cobalt, selenium, copper, zinc and manganese were on average 8. The amount of microelements in plants correlatively depended on the content in the soil (r = +0.68), the species and physiological characteristics of plants, the climate of a specific region (data not shown), and fluctuated at wide ranges. The iodine content varied from 0.01 to 1.99±0.06 mg/kg. Attention was drawn to the low amount of cobalt (from traces to 2.2±0.09 mg/kg) and selenium (from 0.01 to 0.07±0.004 mg/kg) in plants, with the exception of astragalus (Co -9.6±0.17, Se -12.6±2.18 mg/kg). In the spring and summer months, the accumulation of selenium in plants, similar to the effect observed in soils, was somewhat higher than in the autumn. This is explained by the largest migration of selenium from soil to plants during growing.
Manganese was found in optimal amounts in plants (from 47±3.12 to 98±6.4 mg/kg) compared to the content in similar macrophytes from the socalled reference dark fertile soil region [22] . The content of selenium, iodine and cobalt in soils and plants was significantly less than in their analogues from the reference region. The copper in soils and plants (from 2.3±0.07 to 11.3±1.4 mg/kg) was at the lower limit of normal [22, 32] . The optimum concentration of selenium in drinking water used by animals and birds has not yet been established. In the reservoirs water of the Volga River delta, the selenium index was 0.019±0.0006 mg/l.
The lack of a number of chemical elements (Se, I and Co) in soil and plant forages negatively affects the realization of animal genetic program and reduces the physiological capabilities of integrative functions of growth and development in lambs [2] [3] [4] . The quantity of selenium in different organs of lambs decreased sequentially in the following order: liver > muscles > spleen > bone tissue > lungs > wool > blood  kidneys  small intestinal wall. The cobalt order looked like this: liver > bone tissue > spleen > intestinal wall > wool  kidneys  blood > muscles. Considering the large volume of muscles in sheep, muscle tissue, as well as liver, can be considered a depot of cobalt and other studied trace elements. The decreasing series of manganese, copper, zinc and iodine were similar to each other with very little difference. For example, amount of copper (9.5±0.07 mg/kg) in small intestine wall was almost the same as in spleen, wool, lungs and kidneys. According to the zinc content, the intestinal wall (155±13 mg/kg) was close to the wool and liver. Most of the zinc was found in the lungs (156±8.4 mg/kg), where this element is concentrated, entering the carbonic anhydrase which regulates respiratory function in animals.
Comparing the data on the accumulation of trace elements in organs and tissues of Edilbai lambs with similar characteristics in young sheep in the reported of other authors [1-3, 33-35] , it can be noted that the level of I, Co and Se in our experiments was relatively low and correlated with a low content of these trace elements in plants of the Lower Volga region (r = +0.74).
After weaning from the ewes, the average daily balance of iodine and selenium in lambs, completely transferred to plant and concentrated forage, was negative (Table 1 ). The balance of cobalt was of a tense nature and approaching zero balance. The balance of Mn, Cu and Zn was positive, the organism of lambs did not lack these elements, which was due to their relatively high content in forage.
The results of balance tests, along with biogeochemical monitoring of the environment and the content of trace elements in organs and tissues, allow us to state the deficiency of selenium and iodine in the Edilbai lambs that suggests the necessity of using Se and I preparations in the Lower Volga region. However, for the final decision necessitates estimation of physiological status of animals, including hematological indices, the degree of free radical oxidation and antioxidant protection.
The antioxidant mechanisms induce enzymatic and non-enzymatic processes. Antioxidants are involved in the regulation of peroxidation as components of an unite system that includes a number of enzymes, low molecular weight compounds, physiologically active substances of protein and lipid nature, including vitamins, Ca, Se, Fe, Zn and Cu, and possibly other macro-and microelements that are part of antioxidant enzymes or can activate enzymes [36] . It is known that cation radicals of selenium, manganese, zinc, copper, molybdenum, cobalt, and iron-sulfur clusters can participate in the initiation of free radical oxidation [3, 4, 15, 37] .
Intramuscular application of iodine and selenium, lacking in the organism of growing lambs, led to an increase in hematopoiesis (Table 2 ). In the lambs from the test group, the erythrocytes increased by 15.6 %, hemoglobin increased by 7.8 %, selenium -by 84.0 %, iodine -by 92.7 %, total proteinby 4.44 %, globulins -by 8.76 % if compared to the same parameters in the control group (P < 0.05). The parameters of the carbonate blood buffer in lambs receiving Sedimin were 34.9 % above the control (P < 0.05). In the animals from the test group, blood glucose level was 33.9 % lower than that in the control group. The amount of total protein of the globulin fraction containing selenium was also slightly higher in lambs receiving Sedimin than in the control animals (P < 0.05).
At weaning, all physiological and biochemical indicators of lambs' blood, which were pharmacologically corrected for microelement deficiencies, reached a physiological norm. The number of DC decreased by 28.0 %, MDA by 8.2 %, the activity of antioxidant enzymes increased (by 43.3 % for catalase, and by 39.4 % for GPO), while the glucose content decreased by 39.9 % relatively to the beginning of the test. The obtained data testifies to the metabolism activation in animals of the test group and disappearance of the signs of latent combined hypomicroelementosis, which agrees with the results of other studies [33] . In control lambs, the blood concentration of diene conjugates compared to that at the beginning of the test significantly increased by 17.60 %, while malonic dialdehyde was only 8.06 % higher (the blood level of MDA, as one of the final products of free radical oxidation, is not subjected to significant fluctuations). The blood catalytic activity in control lambs at the end of the test was 25.5 % less than at the beginning of the test. Blood glutathione peroxidase reduced its activity by 30.6 % (P < 0.05) to the 4-month age compared to the beginning of the test. This is due to the beginning of the use of plant forages, poorly provided with selenium, iodine and cobalt which are part of antioxidant enzymes (i.e. selenium is necessary for GPO activity, zinc, copper, manganese are necessary for superoxide dismutase) and can activate catalase activity [4, 36] . There was a decrease in the amount of selenium, iodine, and acid capacity of blood in lambs from the control group at the end of the test compared to its onset, indicating an increasing acidic stress which predetermines latent hypomicroelementosis. In the organism, LPO products began to accumulate while reducing the activity of antioxidant enzymes. All this led to depletion of cells antioxidant protection, development of the syndrome of latent hypomicroelementosis, and a decrease in integrative functions of growth and development of young animals.
Blood parameters in Edilbai lambs injected intramuscularly with the Sedimin®
At the 4-month age, the body weight of lambs was 35.9±2.23 kg in the control flock, and 44.1±3.11 kg in the test flock, or 14.4 % more. The organs and tissues of the lambs from the test group were better provided with physiologically important trace elements (by 15-36 %) than in the control animals, which agrees with the data of foreign authors who studied the content of trace elements in organs and tissues of the lambs of Landsherp German merino [18, 34, 35] . In 4-month-old lambs, the ratio of the meat part of the carcass, which is a functional production feature of the Edilbai sheep and serves as the breed genetic parameter and the functional norm for Edilbai sheeps [33] , was 78.6 % in control and 87.0 % in the test lambs.
Thus, the low accumulation of iodine and selenium in the main components of ecosystems in the Lower Volga, along with revealed low hematological parameters, high content of lipid peroxidation products (diene conjugates, malonic dialdehyde) and low activity of antioxidant enzymes (catalase, glutathione peroxidase) in growing Edilbai lambs in combination with the results of balance test, indicate the development of latent combined hypomicroelementosis in the animals. Intramuscular injection of Sedimin® containing selenium and iodine improves the physiological state of growing lambs, normalizes metabolism and hematological parameters, stabilizes activity of antioxidant system and provides a reliable increase in body weight by 14.4 % (P < 0.05) compared to control.
